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[57] ABSTRACT 

A multilayer preform and container, and method of forming 
the same, having at least one layer including polyethylene 
naphthalate (PEN) to provide enhanced oxygen barrier per- 
formance and th^mal stability. The FEN layer may be a 
homDpolymer, copdymer, or blend of PEN. In a first high- 
P£N embodiment, the exterior layer contains on the order of 
80-100% PEN and 0-20% PET by total weight of the layer, 
and a core layer of a non-strain hardenahle polyester such as 
PETG. In a second low-PEN embodiment, the exterior layer 
includes a strain hardcnablc low-PEN copolymer or blend 
including on the order of 1-20% PEN and 80-99% PET, and 
the core layer is a strain-hardenable polyester such as a 
low-copolymer PET. In a third mid-range PEN embodiment,^ 
the exterior wall includes a substantially anl^hous PEN 
copolymer or blend containing on the ordef^ 20-80% PEN 
and 80-20% of another polyester such as PET, and a 
strain-hardened core layer of p(dyester such as a low- 
copolymer PET. To further enhance the oxygen barrier and 
thermal stability properties, the core layer may further 
include a copolymer or blend of PEN. Alternatively, PEN 
may be profvided in an interior layer only. 

40 Cbums, 3 Dniifing Sheets 
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METHOD OF FORMING MULIILATER A commercially successful PET refillable CSD container 

CONTAINER WITH POLYETHYLENE Is presently being distributed by The Coca-Cola Company in 

NAPHTHALAJJE (fW) Europe (hereinafter 'the. prior art CSD container*^. This 

container is formed of a single layer of a polyethylene 

RELATED AFPUCAITONS 5 tacphthalate (PET) copolymer, with 3-5% comonomcr 

such as l,4-cyclohexanediineth8nol (C3IDMZ) or isoph- 

This IS a contmuation-m-part of and commonly owned ^q^^. add (IPA). The prefomu fern wbidi tius bottle is 

U.S. Ser. No. 08/165,571 filed Dec. 15, 1993 entitled MUL- stretch blow molded, has a sidewall thickness on the crdcr 

TILAYER PREFORM AND CONTAINER WITH POLY- of 5-7 mm, or about 2-2.5 times that of a prcfonn for a 

ErHYLENENAPirrHALArE(PEN),ANDMEraODOF disposable one-way bottle. This provides a greater average 

FORMING SAME, abandoned which is a oontinuation-in- ^ bottle sidewall thickness (Le., 0.5-0.7 mm) required for 

part of a nd com monly owned U.S. Ser. No. OS/082471 abuse resistance and dimensioiud stability, based on a planar 

entitled METHOD OF FORMING MUIIILAyER PRE- stretch ratio of about 10:1. The average aystailinity in the 

FORM AND CONTAINER WITH LOW- panel (cylindrical sidewall section beneath the label) is 

CRYSTALLIZING INTERIOR LAYER, filed Jun. 30, about 15-20%. The high copolymer content prevents visual 

1993, abandoned which is a continuation-io-part of and crystallization, Le., haze, from fanning in the faefoim 

commonly owned U.S. Ser. No. 07/909,961 entitled MUL- during injection molding. FirefoEm haze is undesirable 

TIIAYERWEFILLABLB CONTAINER, PREFORM AND because it produces bottle haze whidi hinders the visual 

METHOD OF FORMING THE SAME, filed Jul. 7, 1992, on-line inspection required of commercial refill containers. 

abandoned all by W. CoUette, S. Schmidt and S. IMshna- ^ "^^^ ^S^J^ ^ ^c'^f ^ ^^^^ 
^ 20 Continental PBF Ibchnology's U.S. PaL Nos. 4,725,464, 

4,755,404, 5,066,528 and 5,198^. 

FIELD OF THE INVENTION P^°^ ^ container has a demonstrated field 

viahili^ in excess of 20 refill trips at caustic wash tempera- 

This invention idates to improvements in Wow-molded tujp5 of iq) to 60^ C. AWiougti successful, Ihecc exists a 

jdastic containers, and more particulariy to preforms and 35 commercial needfcr an improved container that pcnnits an 

containers having multilayer transparent sidewalls including increase in wash tcmpcramre of greater tiian 60'» C, along 

a homopolymcr blend or copolymer of polyediylene n^h- ^ reduction in product flavor carryover. The latter 

thalate (PEN) for euhanced thomal and batxicr prppertfes, occurs when flavor ingredients fix>m afirst product (e.g., root 

and one or more additional layers able to withstand the hi^ beer) migrate into the botfle sidewall and subsequently 

Qcientation temperature and planar stretch ratios of PEN 30 permeate into a second product (e.g,, dub soda) on a later fill 

while maint a in i ng container tranqwrency. The container is cyde, thus influencing the taste of the second product An 

partiCTlady useful as aiefillable and/orhot-fiilaWe beverage increase in wash temperature may also be desirable in Oder 

container. to increase the effectiveness and/or reduce the time of the 

BACKGROUND OF THE INVEOTION wash, and may be required with certain food prod- 

35 ucts such as jmce or nmlc. 

The market for polyethylene terephthalate (PET) rdOIl- The above>identified ^'Related Applications,*" namely 
able carbonated soft drink (CSD) bottles has enjoyed sig- U.S. Ser. Nos. 07/909,961 and OS/082,171, describe an 
nificant growth worldwide, since its introduction in 1987 by improved refillable container having a higher caustic wash 
Continental PKT Technologies. These bottles have been temperature (above 60° C.) and reduced product flavor 
conmierdalized tiiroughout much of Europe, Central and 40 canyover for a lifetime of 20 refill trq>s. The in^oved 
South America, and are now moving into the Far East container is blow modded firom a multilayer preform, having 
market an interior layer of a first rdativdy high copolymer poly- 
Refillahle botUes reduce die existing lanrffln and xecyde ^ exterior layer of a second polyester w^ 
problems associated with disposable plastic beverage relatively less copolymer and a crystallization rate at least 
bottles. In addition, a refillable bottle provides a safer, 20% hi^er flian the first polyester. Hie hi^ copolymer 
fighter-weight plastic container in those "larkfts^ coirently prevents crystallization Qiaze) in the interior core layer 
dominated by glass, where legislation prohibits use of nour during injection blow mdding (whidi core layer cools more 
returnable packages. The goal is to produce a refillable bottie slowly), in order to preserve overall container clarity and 
having die necessary i^ysical charactoistics to withstand flexibility. The exterior (inner and outer) layers are made 
numerous refill cydes, while being economical to produce. 5o from a homopolymer or low copolymer polyester whidi has 
(knerany, a refillable plastic bottie must maintain its ^ ^ sttain-hiduced crystallization and thus 
functional and aesthetic diaractaistics over a minimmn of Provides enhanced resistance to caustic cracking and 
10 and preferably 20 cydes or loops to be economicaUy reduced flavor carryover at die surface of die blown con- 
feasible. A cyde (illustrated in HG. 3) is generally com- famer. Tlie subject matter of th^e two a^ 
prised of (1) an empty hot caustic wash, (2) contaminant ^caipaated by reference m tiien: enturety. 
inspection (before and/or after wash) and product filling/ Polyethylene naphthalate (PEN) is ano&er potential poly- 
cappuig,(3)wardiousestorage,(4)distributiontowholcsale ester for use mblow^oldedcontamcrs. PEN has a desirable 
and retaiL locations and (5) purdiase, use and enmty storage ^^ySCQ barrier capahiUty— about five times tiiat of PET, and 
by the consumer, fbUoweri by eventual return to die bottier. ^ ^^^^ temperature— about 250^ F. (120'' C) 
« ««« 1-1 * - * *. t ^ conmared to about 175* F. (80** C) for PET. These prcwxr- 
R^llable contamers must fulfill several kevoerformance u . . r 
«.«uMUiB wuu^uw»luuD^lul^^ would bc uscful m cootamcrs for oxygen-scnsitive 
cntem in order to achieve commercial viatality, mcludmg: a ^ / c a \ j/ II • v 

. . , products (e.g., food or cosmetics) and/ca containers sulv 

1. h^ danty (transparency) to permit visual on-hnc jectedtohi^ temperatures (eg., refill or hot-fill containers), 
inspection; However. PEN is sub^tially more expensive than PEP 

2. dimensional stability over the life of the container; and ^5 and has different processing requirements such that PEN has 

3. resistance to caustic wash induced stress cxaddng and not been successfully used in a commercial blow^nolded 
leakage. beverage containo: 
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SUMMARY OF THE INVENTION 

A prefonn and container are provided, and methods of 
making the same^ wherdn the.pvcfotm and container indiide 
at least one layer of a first polymer including pdyefliylenc 
naphthalate (PEN) for enhanced banier prop^es and/or 
thermal resistance. The first polymer is a homopolymer, 
copolymer, or blend of PEN. The PEN is provided in a 
multilayer structure in which the other polymer layer (or 
layers) can be processed, and spedficaUy blow molded, at 
the tenq)eratures and stretch ratios required for enhancing 
the physical properties of PEN by strain orientation and 
crystallization. 

The at least one layer of first polymer may be an exterior 
or an interior layer. Providing FEN at the exterior layer 
enhances thermal resistance and reduces flavor carryover. 
However, providing PEN at the interior layer also improves 
the thermalresistance and avoids contact of the product with 
FENf if such contact is to be avoided. 

In a first higJi-FEN embodiment, the container sidewall 
indudes inner and outer (exterior) layers of a strain- 
hardened high-PEN copolymer or blend, containing on die 
order of 80-100% PEN and 0-20% PET by total weight of 
the layer, and an interior core layer of a non-strain- 
hardenable polyestar, such as PETG. PETG is a copolymer 
of poly^ylene terephtiialate (PET) with on die order 30% 
cyclohexane dimethanol (CHDM). Altematively, the core 
layer may be a blend of PENyPETG. PEN is provided at the 
siuface (exterior layers) for enhanced performance, includ- 
ing increased resistance to oxygen penetration and good 
physical properties, Le., high-in^^act strength, pressure 
resistance, stress crack resistance, low product flavor carry- 
over and thermal stability. The PETG layer is substantially 
non-crystallizable and can be stretched at the orientation 
temperature and optimum area stretch ratios for the exterior 
high-PEN layers. In addition, PETG will adhere to the 
high-FEN layers and will not delaminate in the e]q>anded 
container. Still further, the core PETG layer provides the 
necessary wall thickness for overall package stiffiiess and 
rigidity, at a reduced cost compared to PEN. By way of 
specific exaiiq)le, arguable carbonated beverage container 
may have a substantially tranq)arent multil^er sidewall 
with inner and outer l^ers <tf on the order of 90% FEN/10% 
PET by total wei^t of the layer, and a core l^er <^ FEFG, 
and wherein flie relative wall thicknesses of the innencore- 
:outcr layers ace on die order cf 25:50:25. 

At these WgJi-PEN concentrations, PET homopolymer 
could not be used as the core layer because its orientation 
temperature is much lower than PEN*s orientation 
temperature — eg., PEN has a minimum orientation tem- 
perature on the order of 260"* R (127° C), based on a glass 
transition temperature on the order of 255** F. (123* C). At 
these temperatures, PET homopdymer would begin to crys- 
tallize and no longer undeigo strain hardening (orientation), 
and the resulting container would be opaque and have 
insufficient strengtti. In contrast, PETG is substantially non- 
crystallizable and can be stretched at the orientation tcm- 
pocature of PEN and at flie optimum area stretch ratios for 
PEN, ie., on the order of 15-20:1. 

Jn a second low-FEN embodiment, iht container sidewall 
indudes inner and outer layers of strain-hardened low-FEN 
copolymer or Mend including on the order of 1-20% FEN 
and 80-^9% FET by total wdght of the layer, and an interior 
core layer of strain-hardened polyester sudi as PET. At these 
low levels of PEN, an acceptable matdi <^ orientation 
temperature and stretch ratios can be achieved for the 
strain-hardened low-FEN inner and outer layers and flie 



i8,957 

4 

strain-hardened core PET layer. In a specific example, a 
hot-fill container having a transparent sidewall includes 
inner and outer layers of on the order of 10% FEN/90% PET, 
and a core layer of low copolymer PET, and wherein the 

5 thickness ratio for the innercore:outa layers is on the order 
of 30:4030. The low copolymer PET may have up to on tiie 
order of 10% copolym^ by total wei^t of die copolymer, 
andmore preferably on the order of 0-2%. This embodhnent 
provides a good balance between die enhanced physical 

10 properties of PEN (at the surface) vs the increased cost and 
processing requkements of PEN. 

In a third mid-FEN embodiment, tiie container sidewall 
includes inner and outer layers of substantially amorphous 
PEN copoJymfirs or blrads containing on the order of 
20-«0%FENand80-20%ofanotherpolyestersuchasFEr, 
and a strain-hardened interior core layer of polyester such as 
PET. In a specific example, a refiUable carbonated beverage 
container may have inner and outer layers of on the order of 
50% PEN/50% PET by total weight of the layer, and a core 

^ iaygi^gnowcop^ ^r PET , and wherem the thickness ratio 
of theuliKx:c^exu^ layers is on the order cf 30:40*30. In 
a second example, a hot-fiU container sidewall of the same 
materials has a thinness ratio of inner:ooie:oiiter layers of 
on the Older of 15:70:15. Hie FET core layer win strain- 

^ harden to control material distribution during blow molding. 

These and odier features of the invention will be more 
particulariy described by the following detailed description 
and drawings of select embodiments. 

30 

BRIEF DESOOPnON OF THE DRAWINGS 

FIG. 1 is a schematic elevational and partially broken- 
away view of a refillable 1.5 liter carbonated beverage bottle 
according to one embodiment of this invention; 

35 

FIG. 2 is an enlarged ficagmentary view taken along the 
section line 2 — 2 of FIG. 1, showing more specifically 
exterior (inner and outer) layers of PEN and an interior 
(core) layer of a second polymer; 

40 FIG. 3 is a schematic illnstration showing a typical cycle 
or loop through \(1iich a refillable container must pass; 

FIG. 4 is a schematic se(^nal view taken through an 
injection mold cavity suitable for making a nmltilayer 
preform in accordance with diis invention: 

45 

FIG. 5 is an enlaiged fiagnumtary view of the bottom of 
the moLd cavity of FIG. 4, showing aquantity of FEN bdng 
injected and the cooling upon contact with the mold wall 
surfaces to form the exterior (inner and outer) layers of 
the-preform; 

FIG. 6 is an enlarged fragmentary view similar to FIG. 5, 
showing a quantity of second polymer being injected to f onn 
the interior (core) layer and die tunnel flow of both PEN and 
second polymer to fomi the multilayer preform; 
55 FIG. 7 is an edatged sectiona] view of the resulting 
multilayer preform of this invention; 

FIG. 8 is an enlarged fragmentary view showing in cross 
section the base of a container made from the preform cf 

«^°-^' 

FIG. 9 is a fragmentary sectional view of an alternative 
prefonn embodiment, having a third injection of PEN which 
displaces the second polymer in a central portion of die 
base^Qiming section; and 

65 FIG. 10 is an enlarged fragmentary view showing in cross 
section die base of a container made tmm the preform of 
nG.9. 
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DETAILED DESCRIPTION 

Refaring to the drawings, FIG. 1 shows a 1.5 liter 
rcfillable carbonated beverage bottle which comprises one 
embodiment of the present invention. The bottle 10 is a 
miitary expanded plastic preform container having a sub- 
stantially transparent multilayer sidewall, and is made from 
the multilayer preform of FIG. 7. The container bocty has an 
open top end with a small^diameter nadr finish 12 with 

ext ernal screw Areads for rcccLvin g, a screw-on cap (no t 

neck,finish^l2,and,base^l8^is^a^bstantially*vtttically- 
dispost^ sidewall 15 (defined by vertical axis or centerHne 
CL of the bottle), indndi ng an uppg tapc cai^sbeuMer 
portion 1 4 and a substo^ Sylcvliiiancal pjjnrf pnrtumJti; 
The jase 18_i s.a.thickcned^cfaami>ag ne_ style base with.^ 
tfai|^ened^central_jgale^p< ^ 20 and._m QvinR,Tfldia1]v 
outwardl y to^ rd the sidewa^ concave d ome 

22^ji4^ardly^concave.chimeJ24«.anc^ increasing 
and arcuate outer base portion 26 for a smooth transition to 
the sidewall panel 16. The (dnme 24 is a substantially 
toroidal-sh^d area around a standing ring on which the 
bottle rests; the chime is rdatively thick to resist stress 
cracking. The dome and chime form a thickened base 
poitlon, which is about 3-4x the thickness of the panel 16. 
Above the chime there is a thinner outer base portion 26 of 
about 50-70% the thickness of the thickened base portion, 
and increasing in orientation op to its junction with the 
sidewall. The thinner outer base portion 26 provides 
inqxroved impact resistance. 

The multilayer sidewaU of botHe 10 is not specifically 
illustrated in FIG. 1 due to the small scale of the drawing. 
However, HG. 2 shows in cross section the panel poztion 16 
having exterior (inner and outer) FEN layers 32 and 34, and 
an interior (core) layer 30 of a second polymer. In this 
anbodiment the second polym^ is a substantially noncrys- 
tallizable high ppp ^mg FET, known as PE rG,.or.a-blend 
^PETGLand^^JgEpSiel core layer 30 is about 0.0093 
inches (0.24 mm) thick and the panel inner and outer layers 
32 and 34 are each about 0,0047 indies (0. 12 mm) thidc The 
shoiUdcrJL4 and base ISjcrc^gbrctdi^^le^ 
thicker aj'd'lcss"OTiented~dian the panel 16. The container is 
aboutl3.2 inchc4.(3g'mm)JinBHg^^ 3.6 inches 

(92'mm)^in (wi£rt^ 

A prcftam for making the container of FIG. 1 is shown in 
no. 7. The pref Grm 110 has a panel-fomihig section 116 
with a wall thickness of about 0.280 inches (7 mm), indudr 
ing a prefoon core layer 130 about 0.140 indies (3.5 mm) 
tfaidE, and inner and outer layers 1S2 and 134 eadi about 
0.070 inches (1.8 mm) thick. The container pand 16 is 
stretdied at an average plaiuir stretch ratio of about 15:1. The 
planar stretdi latio is the ratio of the average thickness of the 
pxform panel-forming portion 116 to the average thickness 
of the container pand 16, wherein the ^'average" is taken 
along the length of the respective preform or container 
portion. For rcfillable carbonated beverage bottles of about 
0.5 to 2.0 liters/volume and about 0.5 to 0.8 mm in pand 
wail thickness, a preferred planar stretch ratio is about 
12-20:1, and more preferably about 15-20:1. The hoQp 
stretch is prefaably about 6-7x and the axial str^ch about 
3-4x. This produces a container pand with the desired abuse 
resistance, and a preform sidewall wi& the desired visual 
transparency. The specific pand thickness and stretdi ratio 
selected depend on the dimensions of the bottle, the internal 
pressure (e.g., 2 atm for beex; 4 atm for soft drinks), and the 
processing characteristics (as determined for ezan^e, by 
die intrinsic viscosity) of the particular tngtiyigie cnqdcyed. 



Polyethylene na^^thalate (PEN), which may form all or 
part of a partiailar layet; is a pdyester produced when 
dimethyl 2,6-naphthalene dicaifooxylate (NDQ is reacted 
with eAylene glycol. The PEN polymer con^nises rq>eating 
5 units of ethylene 2,6 naphthakute of the fonnala: 



10 



O 
11 

C0(%CH20^ 



15 



20 



30 



II 

0 

POLY(EIHYLENH 2,6-NAPHIHALATE) (PEN) 

PEN resin is available having an inherent viscosity of 0.67 
dL/g and a molecular wdght of about 20,000 from Amoco 
Chemical Con^any, Chicago, HI. PEN has a glass transition 
temperature T^ of about 123"^ C. and a mdtmg temperature 
T„ of about 267*>C. 

P olytfadcne tere iAt halatc (PEP, which forms all or part 
o t>anous layers, S"aj olycst cr pro duc e d by _ polmeriziag 
t erephthgiracid'^ji3jStd:-f^ derivative with ethy l- 
qne. T he ^gCT^ homppolymg comp rises repjsatmg u nits of 
eth^ene tetephtfaal aV ' " 

POLY(EIHYLENE lEREFHIHLAIE) (KT) 



PET homc^lymer has a T, of about 73* C. and a T„ cf 

about 253** C. 

33 In one embodiment, the present invention contenq>lates 
the use of high copolymers of PET which are substantially 
nonoystallizable at the orientation temperature of I^M, e.g., 
PETG. The high copolymer PETG is PET with about 30% 
by total weight of tfie comonomer 1 ^4 cydo hexane- 

40 d imctha nol (CHDM). PETG is commerdaliy avaiiatae ironi 
Ea^BnX:BaQical in Kuigsport,Tenn. as KODAR® PETG 
Copolyester 5763. The oomonomcr (e.g., CHDM as a 
replacement for the glycol moiety) disrupts tiie PET pdymcr 
baddbone (Le., altemating units of acid and gylcol) to 

45 decrease the molecular crystallization rate. The comonomer 
is most effective if it forms part of the backbone, bat it may 
also form a hrancfaed copdyma; Another suitable hi^ 
c opolvmer EET indndes a high levJIot isophtnauraad 
(feA),tojendeg.tfae.pol Mner snSsGmti^ TOj^OTstal^^ 

so andmorphous^ 

An attemative embodiment contenq)lates the use of a 
blend of PEN and PET. For example, a blend of PEN/PETG 
in a wdght ratio of 25:75 can be prepared by melt blending 
the two polymers. A_core laver of PEN/PET^^ hl et^4 the. 

53 m ultilaver WQUl d_be-£xpect^f^ pfoyide even higher t her- 
mal and barrier properties and eve i^ f^^Hf[^ }^y^^ 
c ^patifeilitv, than a core ot PETG. The similar chemical 
sfructure of (and or hydrogen iwnding between) PEN, PET, 
and oAcT polyesters, provides the necessary mdt canspsi- 

60 ibiHty and layer adhesion. As a furfecr altcmative, the PEN 
can be blended or copdymerized wifii a homopolymer or 
low copolymer of PET. Alow-lev clFEN copcdvmetiJcA dend 
woul d.have up to on theOTaffoO C^by^wcig^t rfJEEtLand 
th ereinainder anothctPQlyestcr. gich as PET hOTMg olymer 

65 or «)poiymer ."B' y "FEr copolymers ; ' it is mcant3Br A)m' 
merciauy gyaflabie feofe^ grade PET.cj^ 
on ffie ord^ ^ j[ 01% b yjiveight;^^ up to on the 
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<g^^£5.%^i>fjothCTman o^ ic, ispijitibaKc actd (gA), Each containei: is subjected to a typical commercial 

cyg^pffl^e_4 imetfa anoL(gfflDl^ caustic wash solution prepared with 3.5% sodium hydroxide 

Tne intrinsic viscodty (LV.)effects the processaHifity of by weight and tap water. The wash solution is maintained at 

the polyester resins. Polyethylene tcrephtbalate having an a designated wash temperature, e.g.» 60® C. The bottles are 

intrinsic viscosity of about 0.8 is widely used in the CSD 5 submerged uncapped in the wash for 15 minutes to simulate 

industry. Resins for various applications may range from the tim^temperature conditions of a commercial bottle wash 

about 0^5 to about 1.04, and more particularly from about system. Afterxemoval from tiie wash solution, the bottles are 

0.65 to 0.85. Intrinsic viscosity measurements are made rinsed in tap water and then filled with a carbonated water 

acccsding to the procedure ASTM D-2857, by employing solution at 4.0±0.2 atmospheres (to simulate 0ie pressure in 

0.005Q±0.0002 of the polymer in a solvent comprising lO a carbonated soft drink container), capped and placed in a 

o-chlorophenol (melting point 0** C), respectively, at 30* C 38* C convection oven at 50% relative humidity for 24 

Intrinsic viscosity (IV.) is given by the following formula: houn. This elevated oven tenq)ecature is selected to simulate 

i y=(itt(ys^/Vg^yc longer commercial storage periods at lower ambient tem- 

sain. Set peratures. Upon removal from the oven, the containers are 

15 emptied and again subjected to the same refill cycle, until 

is the viscosity of the solution in any units; failure. 

Vsoi. is the viscosity of the solvent in the same units; and A failure is defined as any crack propagating through the 

C is the concentration in grams of polymer per 100 mis of bottle wall which results in leakage and pressure loss, 

solution. Volume change is determined by conqtaring the volume of 

The blown container should be substantially transpareoL 20 liquid the container will hold at room temperature, botfi 

One measure of transparency is the percent haze for trans- before and after eadi refill cycle, 

mitted light through the wall (H7) which is given by Ae The refillable container 10 of this invention can preferably 

following formula: withstand at least 20 refill cycles at a wash temperature of 

60*" C without failure, and with no more tiian about 1,5% 

ffr=llXl>y*)lxioo 25 volume change after 20 cydes,Tlie container also preferably 

\^crc is the diffuse light transmitted by the spedmen, exhibits at least a 20% reduction in product flavor carryover 

and Y, is the specular ii^ transmitted by the spedmen. The (compaied to the prior art CSD bottle) as determined by gas 

dififuse and specular light transmission values arc measured chromatography mass spectrometer measurements, 

in accordance with ASTM Method D 1003, using any ^^S. 4-6 illustrate a metered, sequential coinjection 

standard color diflFcrcncc meter such as modd D25D3P ^ ^»paratns for making a multil^ittefonn of this invention- 

manufecturedbyHuntcriab, Inc. The refill container of this ™^ qjparatus is substantiaUy described in VS. Pat No. 

invention should have a percent haze (tiiiough the pand 4,710,118 to K^ishnakumar et aL granted Dec. 1, 1^, 

wall) of les s than about 10%, and more preferably less than ^ herd>y incoqxnrated by rderence in its entireQ^. 

about 5%. ^ shown in FIG. 4, an injection mold unit 40 indudes an 

The preform should also be substantially transparent, ^ outer mold cavity 42^ a ncckring 44 which defines the neck 

having a percent haze across the wall of no more than about finish, and a core 46. The nedc ring 44 in conjunction with 

10%, and more preferably no more than about 5%, ^^o™ ^ doses the upper cad of the mold cavity 42 while 

The container of FIG. 1 will have varying levds of thelowcrendisprovidedwilh an opening 48 which recdvcs 

strain-induced crystallinity in the exterior PEN layers at ^ sealed relation a nozzle-like cad 50 of a rotary valve 

various positions along the height of tiie bottle from the nedc ^ member 52 of the extruder. The valve member 52 is mounted 

finish to the base, based on the varying str^di ratio is along ^ sealed relation within a valve block 54 which has formed 

die bottle. The percent crystallinity may be determined tiierein a first passage 56 which receives a conventional 

according to ASTM 1505 as follows: nozzle 60 of a plastidzer or injection head. The passage 56 

opens radially toward the rotary valve monber 52, and the 

%ay5tellimty=((A-^y(^)]xioo ^5 latter has a through pass^e 62 whidi at oue end terminates 

where ds=sample density in g/cm^, da=density of an amor- in a generally radial passage 64 whldi can be aligned with 

phous film of zero percent crystallinity, and do=^lensity of the passage 56. There is also associated with the valve blodc 

die crystal calculated from unit cell parameters. The pand 54 a second material dispenser 66 whidi indudes a dispens- 

portion 16 of die container is stretched the greatest and ing piston 68 and a flow passage 70 exiting there&om toward 

preferably has an average percent crystallinity of at least 50 the valve block 54. The valve blodc 54 has a radial passage 

about 15%, and more preferably at least about 20%. A 72 which is axially aligned with and in communication with 

15-25% crystallinity ran^ is useful in refiU and hot-fill the passage 70. The valve member 52 has a fijrthci passage 

plications. 74 extending generally radially ficom the passage 62 and so 

Farther increases in crystallinity can be achieved by heat drcumferentiaily ^aced from the passage 64 such diat v/hca 
setting to provide a combination of strain-induced and 55 the passage 64 is aligned with the passage 56, die passage 74 
thennal-induced crystallization. Theimal-mduced cry^allin- is q>acedfrom the passage 7Z By rotating &e valve member 
ily is achieved at low tenq)eratnres to presmretran^arency, 52» Oe passage 64 may be moved out of communication 
e.g., holding the container in contact with die blow mold. In widi the passage 56 and the passage 74 moved into corn- 
some q>pHcations, a high levd of aystalfinity at the surface munication with the passage 72. Thus^ material may be 
of the sidewall alone is suflSdent 60 selectivdy siQjpIied from either the first supply device 

FIG. 3 shows a typical refill cyde for a commerdal (injection head) 60 orfiramthe second supply device 66. 

refillable container. A test procedure for simulating sndi a In aocordance with diis embodiment, the first supply 

<7de would be as follows. As used in this qiedfication and device 60 delivers FEN for the inner and outer layers. The 

daims, the ability to withstand a designated number of refill second supply device 66 delivers FBTO (or a PEN/PBTG 

<ydes without crack f aihire and/or with a maTf mnm volume 65 blend) for die core layen 

change is dctranined according to the following test proce- Rrferring to HG. 5, it will be seen tiiat a presdccted 

amount of first resin 76 will be injected into the botttnn of 
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the mold cavity 42 and as it flows tfarougli the mold cavity, 
due to the relatively cool temperature of the mold unit 40 
induding the core 46, there will be solidification of the resin 
76 to define extciiar inner and outer layers 78, 80 of the first 
material 

As is schematically shown in FIG. 6, the second resin 86 
is next injected into the mold cavity. It will be seen that the 
second lesin 86 will have a tnnnel flow through the cavity 
defined between the layers 78, 80 and at the same time will 
advance the previous^ injected material 76. The interior 
core material cools more slowly because it does not contact 
the coolex mold walls; however, because the core layer is 
substantially noncrystalHzable, it resists hazing. 

In FIG. 7 there is shown a preform 110 made as previously 
described, whidi includes alCTG core layer 130 and FEN 



to 



B3q)ansion of the preform should be canied out at a 
tenxpeiature in the molecular orientation teii4)erature range 
for the FEN polyester material being employed. Generally 
speaking, molecular orientation of an orientable themoplas- 
tic material occurs over a temperature range varying from 
just above flie glass transition temperature (that temperature 
or narrow ten5)crature range below which the polymer is in 
a glassy state) up to just below the melt temperature of the 
polymer. As a practical matter, the fonnation of oriented 
containers is carried out in a much nanower tenq>eratuie 
range, known as the molecular orientation temperature 
range. The reason Is that when the temperature is too dose 
to the glass transition temperature, the material is too stiff to 
str^cfa in conventional processing equipment When the 



inner and outar layers 132, 134 which are continuous Gcccpt *5 temperatureisincreased,theprocessability improves greatly 
for a portion of tiie care material 130 which extends through apracdcal upper limit is reached at or near the taapea^ 

theouterlayer 132at Uie gate 120. The preform UOindudes ture at which large aggregates of crystallites called q^eni- 
an upper neck finish 112, a tapered shoulder-forming section lites be^ to form, because the orientation process is 
114 vMcAi inaeases in thickness from top to bottom, a adversely affected by spheruHte growth. For substantially 
pand-fonmnig section. 1 16 having a unifi acnLwatt^eteiessT 20 amorphons polyester material, the molecular orientation 



an d a base-f ormlny> sr crinii liy. Base section 118 indudes 
an v^ppcr cylindrical thidocned portion 121 of greater thick- 
ness than the panel section 116 and whidi forms a thickened 
chime in tiK container base, and a tapering lower portion 119 
ci reduced thidmess for forming the recessed dome of tiie 
container. A preform having a preferred cross-section for 
refill applications is described in U.S. Pat No. 5,066,528 
granted Nov. 19, 1991 to Krishnakmnar et al., whidi is 
hereby incorporated by reference in its entirety. The core 
layer 130 of the panel section 116 is roughly twice the 
thickness of each of the inner and outer layers 132 and 134, 
when forming the prefecred U Hter bottle previously 
described. 

The blown container, as shown in FIG. 8, has a 
champagne-type base section 150 induding a center gate 
portion 152, central recessed dome 154, chime 156, and 
outer base portion 158. The core layer 160 and inner and 
outer layers 162 and 164, respectively, vary in thickness 
along tiie base depending upon tiic relative amount of stretdi 



25 



30 



35 



range is ^pically from about 20** to 65** F. (11** to 36** C), 
and more preferably about 30** to 40** F. (17** to 22** C), 
above the glass transition tranpetature. lypical amorphous 
PEN polymer, which has a glass transition temperature of 
about 255° F. (123** C), generally has a minimum orienta- 
tion temperature of about 260** R (127** C), and a preferred 
orientation range of about 270°-295** F. (132^-146** C). 

In the preferred reheat stretch blow process, the hot 
injected preform is quendxed to room temperature before 
use and then the preform is reheated to within the orientation 
temperature range b^ore the expansion step. The reheated 
pref<Hin is positioned in a stretch blow assembly wherein a 
stretch rod is moved into the open end of the preform and 
extended to draw the preform end against a base of an 
internal cavity blow mold, thereby axially stretching tiie 
preform sidewall, and simultaneously or sequentially a 
blowing medium is admitted into the interior of the prefcon 
through (^>enings in or around the rod to radially str^cfa the 
preform outwardly to conform to the inner surface of the 



the specific base portion has undergone, but generally the 40 mold. The extent of stretching can be varied depending on 
waU thickness decreases progressivdy while moving ladi- the desired shape and wall thickness of tiie blown container 
aUy away from tiie gate 152. and is controlled by af&dng tiie rdative dimensions of the 

FIG. 9 shows an alternative embodiment of a preform initial preform and the fijoshed containeL 
base-forming section 218, herein a third resin is iigected In an alternative integrated process, tiie hot injected 
into at least a central portion 236 of tire base-fooning 45 preform is paitialfy quenched and allowed to equilibriate 
section, and preferably into the leduoed wall thickness lower within tiie orientation temperature range prior to «q)ansion 
base portion 219 which cods more nQ>idly and is not as by a suitable blow or combined stretdi/blow appaxatas 
suscqitible to hazing. Portion 236 disfdaoes the core mato- similar to that previously described, 
rial 230 and preferably is of the same material as the inner Additional layers or additives may be provided in the 
and outer layers 232, 234, so that in the coinjection process 50 multilayer structure for various purposes, such as additional 
previously described tiie nozzle is cleared of the core resin layers of barrier materiaLs (e.g., for moisture, oxygen, cart}on 
before the next preform is started to avoid injecting any core dioxide, or light), high thermal stability materials, recycle 
resin in the inner and outer layers of the next preform. As EET-^oost^^smper , JEEIL fitcJEh ese-addit j onaLlavers mav~ 
shown in FIG. 10, a chaii5)agne-type container base 250 req uire tiie.usejof adhesives,!>etween the layers to preven t 
blown from the preform of FIG. 9, indudes a gate portion 55 delamination. R ecy^ed PET may j?e ^^ticularly useful as^ 
252, dome 254, diime 256, and outer base 258. Across tiie ^the cofeliye^ v?ESelt"is*(MirQf '^i at^ r 

DiffigcK'1^^^55urS^ ^^] 3 s§^ sndLas^afo oted base ^ 
having^ a suSSntiaIIy"fi^^)herical bottom wall with a 
plurality of downwardly-extending legs terminating in low- 
60 ennost si^)porting feet, and with radiating ribs (which are 
part of tiie bottom wall) between tiie legs. The materials, 
wall thicknesses, preform and bottle contours, and process- 
ing techniques may all be varied for a specific end product, 
while still inccxporating the substance of this inventiorL The 
U.S. Pat No. 5,066428 to Krishnakumar ct aL granted Nov. 65 container may be for otiier pressurized or unpressurized 
19, 1991, whidi are hereby incorporated by lefeienoe in Jieyerfl gea,^sn^4rg*y'^ ^H^ '^jtii'fr nm- 

tiidr entirety. beverage products. 



wall, the base indudes inner and outer layers 262 and 264, 
respectively, and core layer 260. The core layer 260 is 
disced at least in part section 266 across tiie gate and 
recess areas. 

Other factors inqxntant in die manufacture of refillable 
polyester beverage botties are described in U.S- Pat No. 
4334,627 to Krishnakumar ^aL granted Jun. 15, 1982, U.S. 
Fiat Na 4,725,464 to CoUette granted Feb. 16, 1988, and 
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The benefits of the invention, for example the resistance PETG, and the second polymeric material comprises on the 

to hazing and m^oved stress cracik resistance at elevated ( gder of 80-100% PEN andJ }s2Qj9^I^^vtotal weight of 

temperatures, may be particulady suited for a hot-fill the layet 

container, such as desaibed in U.S. Pat No. 4,863,046 to 6. The md^od of daim 1, wherein the first polymeric 

Collctte et aL granted Sep. 5, 1989, which is hereby incor- 5 material comprises on the order of 1-20% PEN and 80-99% 

porated by reference in its entirety. Hot-fiU containers typi- p^Q^ ^^j^ polymeric material conmrises on the 

?oll ^^f^^ ^^^^1^ temperatures on the order of qj^ct of 20^0% PEN and 20-80% PET by total weight of 

180°-185* E (the product filling temperature) and positive ' 

internal pressures on fte order of 2-5 psi (the filling line j ^ of daim 1, wherein the first polymeric 

pressure) without substantial deformation (i.e., volume ro«^ ^rZ^^cfTi/vJS 

change of no greater than about 1%). The benefits of the 1 ^l. I^k ^ 80-100% PBN and 

inv^tion are Ocularly suited for a combined refiUable ^^0% PET by total weight of ^e ^yer, and se^d 

and hot-fillableoontainer. polymcnc matenal comprises on die order of 80-100% PEN 

As a further cxan^lc, the use of low-level PEN co doIy- ^^0% PBF copolymer by total weight of the layer, 

mgt ^blcndsi^m^ lffic:^^ where the PET copolymer comprises on flie order <rf up to 

weig ht PEN) ma y,prp^i<te.a.51jp^^ usetenmCTa-^ ^ 10% copolymer, 

ture ( i^e., in crease in causti c wastTtero ca atur^^ to ^- The noethod of daim 1, wherein the rdieating and 

65^T or increase igBSTBir'S D^^ tro m'83''*t0L'8 8^' expanding is paformed at an oricDtation temperature which 

C), w hile^o^d^ g ,a J!ffi&lvaiiy!!rin is on the order of 11° to 36^ C. above fee glass transition 

pgfo rm ance^V SjCQst^ temperature of the first polymeric material. 

Thus, alfeough several ^bodiments of this invention 20 9. The mefeod of daim 8, wherein fee reheating and 

have been specifically illustrated and described herein, it is expanding is performed at an orientation tei2q)crature which 

to be understood feat variations may be made in fee is on fee order of 17° to 22° C above fee glass transition 

materials, fee preform construction, fee container construe- temperature of the first polymeric materiaL 

tions and fee mefeods of forming fee preform and container 10. The method of daim 9, wherein fee sidewall indudes 

wifeoutckpartingfomifee sp^ 25 a pand portion which is expanded at a planar stretch ratio of 

as defined by fee q)pended daims. ^ least 12:1. 

T^^l^A^^^^li!!- • u « u^^^u 11. The mefeod of daim 10, wharein fee pand portion is 

LAmefeodrffoiimngacoiitamerl^^^ expanded at a planar stretchr;tio of atlea^fl5:l 

transparent nmltdayer ^ IZ TTie method of daim 11, wherdn fee sidewall has a 

fommig at an devatcd ten^jeraturc a preform having a 3^ pand portion having an avcsrage strain-induced etystallinity 

substantially amorphous and transparent multilayer of at least 15% in the first and third Uyers. 

sidewall-forming portion inchiding first and third lay- 13 ^ ^ whadn the panel portions 

CTscrfa firrt polymeric material and a second core hiyer hasanavcragcstrain^nducedcrystallinity of atleast20%in 

between feefirst and third layers rfasecondpolymcric fee first cnd-feird layers. 

35 14. The mefeod of claim 1, wherein fee iirst pdyirfegricL 

wherein fee first polymeric material conges on fee material has no greater than 10% hv wftipht is^khaHT 

order of 80-100% PEN andQ-20% PETbytotalweight Jma _ ^w^^^ k ^. 

of fee layer, and the second polymeric material is a IS. The mefeod of claim 1, whcrdn fee first polymeric 

substantially nonstrain-oystallizable polyester which material is a blend of PEN and PET. 

remains substantially transparent when stretched- 40 I6. The mefeod of daim 1, wherein fee first polymeric 

wifein an oientation temperature range of fee first material is a copolymer of PEN and PET. 

polymeric material; IX The mefeod of claim 1, wherein fee second polymeric 

cooling below the glass transition teiiq>eratare of fee first Tngt^rifll is selected firom fee group consisting of: (a) a PET 

polymeric nsaterial and feen reheating fee preform copolymer wife 30% cydohexanedimefeanol (PETG); (b) a 

within fee orientation temperature range of fee first 45 cq)olymerQrblendof PENandPBrG;and(c)acopdymar 

polymeric material, herein fee preform is reheated or blend of PEN and PET. 

firom fee exterior sudi feat heat is transferred across fee 18. The mefeod of daim 1, wherein the core layer 
core layer, and comprises about 50% of fee sidewall tiiidaiess. 
expanding the sidewall-forming portion within fee orien- 19. The mefeod of claim 1, wherein fee sidewall has a 
tation temperature range of fee first polymeric material 50 panel portion having a wall thickness of 0.5 to 0.8 rnm. 
to form a container having a substantially tran^xarent 20. The mefeod of claim 1, wherein fee levd of crystal- 
multilayer sidewall wife strain-crysttaltized layers of Unity in fee sidewall is furfeer enhanced by feermal-induced 
fee first polymeric material. crystallinity. 

2. The method of daim 1, wherdn fee second polymeric 21. The mefeod of daim 1, wherein fee sidewall furfeer 
material is a) PETG; cy b) a co po^er c xU^dcfF ^ and 55 indudes one or more layers of barrier nfterialg^ high 
PEI;G feermal stability materials, lecyded PET, or post-consumer 

3. The method of daim 1, wherein fee second pdynieric PET. 

material is a copolymer or blend of P]^* wd fET 22. The mefeod of daim 1, D^erein fee aitide is a 

copd>^Lg^,^and the FET cppd^ner conqirises oioi fee order container able to withstand at least 20 refill cydcs at a 

of up.to^lO%.copdymcr. 60 caustic wa^tea:]{)erature of 60^ Cwifeoutcradcfirilure and 

4. The method of daim 2, wherein fee first pdymeric wife a Tnarimnm total volume change of +1.5%. 
material oon^dses on fee order of 90%!^ and 10% PET, 23. The m^hod of daim 1, wheirdn fee aitide is a 
fee second polymeric material oonqnises FGTG, and fee freestanding pressurized beverage oontainei: 

feickness ratio of fee firsCseoonditlmd layers is on fee order 24. The mefeod of daim 1, wherdn fee artide is a hot-fiU 

of 25:50:25. 65 container. 

5. The jefeod of claim 1 , wh gein fee^fi rsL^pdymeric 25. A mefeod of fonning a container having a gihgtan- 
mat oial 9^Sises on fee^ontCT.oil5o% PEN and 80 -^9% tially transparent multilayer sidewall con|irising; 
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fonning at an devated temperature a p rcf an ii having a 
substantially amorphous and transparent multilayer 
sidewall-foiming portion including first and third lay- 
ers of a first polymeric material and a second core layer 
between the first and third layers of a second polymeric 
material; 

wherein the first polymeric material comprises on the 
order 80-100% PEN and and 0-20% PET by total 
weight of the layer, and the second polymeric material 
is substantially nonstrain-crystallizable polyester 
whidi remains substantially transparent when stretched 
within an orientation, ten^)eratuie range of the first 
polymeric material; 
cooling below fiie glass transition temperature of the first 
polymeric material and then leheatiAg the prefnm from 
the exterior such that heat is transfencd across the core 
layer, wherein tiie reheating and expanding is per- 
fonned at an orientation temperature which is on the 
order of 11° to 36** C above the glass transition 
tonperature of the first pcdymeric material; and 
e^anding the sidewall-forming portion within the orien- 
tation tenq)erature range of ^e first polymeric material 
to form a container having a substantially transparent 
multilayer sidewall with strain-crystallized layers of 
the first polym^c material 
26. A method of forming a container having a substan- 
tially transparent multilayer sidewall, including fonning at 
an elevated temperature a preform having a substantially 
amorphous andtranspareot nmltilayer sidewail-forming por- 
tion inchiding a first layer of a first polymeric material and 
a second layer of a second polymeric material* cooling and 
then rdieating and expanding the pr^orm to form the 
oontalner, characterized in that: 

the first polymeric material is a copolymer or blend which 
is substantially non-ciystallizable and contains botfi 
polyethylene naphthalate (FEN) and polyethylene 
terq^thalate (PET), and the second polymeric material 
is strain-hardened and remains substantially transparent 
when stretdied at a temperature within the orientation 
tonperature range of the first polymeric material; 

cooling is performed below the glass transition tenQ>era- 
tme of the first polymeric material and then reheating 
of the first and second layers is performed within the 
orientation temperature range of the first polymeric 
material which is on the order of 11® to 36° C above 
the glass transition temperature of the first polymeric 
material; and 
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expanding of the preform is perfonned within the orien- 
tation temperature range of the first polyrueiic material 
to form a container having a substantially transparent 
multilayer sidewall with a substantially amoiphous first 
5 polymeric material layer and a strain-hardened second 
polymeric material layer. 
27. The noiethod of daim 26, fiirdier inchiding a third layer 
of tiie first polymeric material and wherein the second layer 
is a core layer between the first and third kyers and tiie 
10 prcf cnn is reheated from the exterior such that heat is 
transfcned across the core layer. 

2S. The method of any one of claims 26 and 27, wherein 
the first polymeric material con^xises on the c^der of 
20-80% PEN and 80-20% PET. 
15 29. The method of claim 28, wherein the second poly- 
meric material is a PET copolymer, and the PET copolymer 
comprises on the order of up to 10% copolymcL 

30. The mettiod of claim 28, wherein the sidewall includes 
a panel portion which is expanded at a planar stretch ratio of 

20 at least 12:1. 

31. The method of claim 28, wherein the panel portion is 
expanded at a planar stretch ratio of at least 15:1. 

32. The method of daim 31, wherein the pand portion is 
expanded at a planar stretch ratio of 15-20:1. 

25 33. The method of any one of daim 28, wherein the panel 
portion has an average stiahi-inducedcxystallinity of atleast 
15% in the second layer. 

34. The mi^od of daim 33, wherein the pand portion has 
an average strain-induced crystallini^ ci 15-25% in the 

30 second layer. 

35. The method of daim 28^ wherein the first pdymeric 
material is on the order of 50% PEN and 50% PET by total 
wdght of thc-layer. 

36. The method of daim 28, wherein the sidewall has a 
35 panel portion having a wall thickness of 0.5 to 0.8 mm. 

37. The method of claim 28, wherein the thickness ratio 
of the first:second:third layers is on the order of 30:40:30. 

38. The method of daim 28, wherein the thickness ratio 
of the first secondrthird layers is on the order of 15:70:15. 

40 39. The method of daim 28, wherein the sidewall furtlier 
indndes one or more layers of hairier materials, high 
thermal stability materials, recycled PET, or post-consumer 
PET. 

40. The method of daim 28, whoein the orientation 
45 temperamre range is on the order of 17"* to 22** C above the 
glass transition ten^>erature of the first pdymeric maimaL 

* * * * 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,628,957 
DATED : May 13. 1997 

INVENTOR{S) : collette et al. 

It is certifted that error appears in the above^identified patent and that said Letters Patent is hereby 
connected as shown below: 

Col* 2 ^ line 6 ^ delete "CHDMZ" and substitute — CHDM ~ 
col. line *^ - delete "ratio is" and substitute — ratios — 
Col* 8 f line 37 - delete "corze" and substitute — core — 

Col, 12^ line 32 — , claim 13 should read as follows: 

— The method of claim 12 » Vherein the panel portion 
• has an average strain-induced crystallinity of at 

least 20Z in the first and third layers. — 



Attest: 



Signed and Sealed this 
Seventeenth Day of November, 1998 



BRUCE LEHMAN 

Attesting Officer Commission fr of Patenis and Tradenwrks 
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